Background Patients undergoing colorectal cancer resections are at risk for delayed recovery. Prehabilitation aims to enhance functional capacity preoperatively for better toleration of surgery and to facilitate recovery. The authors previously demonstrated the limited impact of a prehabilitation program using exercise alone. They propose an expanded trimodal prehabilitation program that adds nutritional counseling, protein supplementation, and anxiety reduction to a moderate exercise program. This study aimed to estimate the impact of this trimodal program on the recovery of functional capacity compared with standard surgical care. Methods Consecutive patients were enrolled in this preand postintervention study over a 23-month period. The postoperative recovery for 42 consecutive patients enrolled in the prehabilitation program was compared with that of 45 patients assessed before the intervention began. The primary outcome was functional walking capacity (6-min walk test [6MWT]). The secondary outcomes included self-reported physical activity (CHAMPS questionnaire) and health-related quality of life (SF-36). Data are expressed as mean ± standard deviation or median (interquartile range [IQR]) and were analyzed using Chi-square and Student's t test. All p values lower than 0.05 were considered significant. Results The prehabilitation and control groups were comparable in terms of age, gender, body mass index (BMI) and American Society of Anesthesiology (ASA) class. There was no difference in walking capacity at the first assessment (6MWT distance, 422 ± 87 vs 402 ± 57 m; p = 0.21). During the prehabilitation period lasting a median of 33 days (range, 21-46 days), functional walking capacity improved by 40 ± 40 m (p \ 0.01). The postoperative complication rates and the hospital length of stay were similar. The patients in the prehabilitation program had better postoperative walking capacity at both 4 weeks (mean difference, 51.5 ± 93 m; p = 0.01) and 8 weeks (mean difference, 84.5 ± 83 m; p \ 0.01). At 8 weeks, 81 % of the prehabilitated patients were recovered compared with 40 % of the control group (p \ 0.01). The prehabilitation group also reported higher levels of physical activity before and after surgery. Conclusion In this pilot study, a 1-month trimodal prehabilitation program improved postoperative functional recovery. A randomized trial is ongoing (NCT01356264).
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Keywords Functional recovery Á Perioperative care Á Prehabilitation Á Preoperative exercise In 2010, an estimated 100,000 new cases of colon cancer occurred in the United States [1] . Despite recent advances in surgical, anesthetic, and perioperative care for colon surgery, morbidity is significant, and patients are at risk for prolonged recovery. A large study identified colorectal resection as the general surgery operation with the greatest burden of adverse events and excess hospital stay [2] . With efforts focused on improving the quality of surgical care, awareness is increasing that major postoperative complications may be driven more by patient than by surgical factors alone [3] .
The implementation of an enhanced recovery after surgery program (''fast-track surgery'') reduces the hospital stay by 2 days after colorectal surgery [4] . However, patientcentered outcomes of functional capacity suggest that patients are not fully recovered even 6-9 weeks after major abdominal surgery [5, 6] . Poor preoperative physical fitness predicts mortality and major complications [7, 8] and delayed functional recovery after abdominal surgery [9] .
Attempts to improve recovery have tended to focus on the intraoperative period (e.g., laparoscopic surgery, thoracic epidural) and the postoperative period (e.g., enhanced recovery pathways). However, intervening in the preoperative period to modify factors such as poor physical fitness contributing to morbidity and delayed recovery is an attractive strategy.
For cancer patients awaiting surgery, a 5-week preoperative exercise program was sufficient for measurable improvement of cardiorespiratory fitness and muscle strength [10] . Interventions designed to improve functional capacity in anticipation of an upcoming stressor such as surgery have been termed ''prehabilitation'' [11] .
We previously reported a randomized study of an exercise-only prehabilitation intervention in colorectal surgery [12] . Patients were randomized to undergo either an intense exercise regimen based on daily biking (intervention group) or a ''sham'' intervention consisting of a recommendation to walk daily and do breathing exercises (control group). The primary outcome was walking capacity as measured by the 6-min walk test (6MWT). Adherence to the recommendations was low, with only 33 % improving during prehabilitation and 29 % deteriorating despite the intervention. An unexpected benefit resulted from the recommendation to increase walking and breathing; more people in the control group showed an improvement in walking capacity both before and after surgery. A reanalysis demonstrated that regardless of the exercise type received, patients who improved during the prehabilitation period were more likely to have recovered 9 weeks postoperatively [13] .
Many factors may have influenced the results of our previous study. First, adherence to the intense stationarybicycle-based exercise program was low, and the results were poor. Colorectal cancer patients can experience alterations in digestion from symptoms of the disease and changes to metabolism causing increased protein breakdown. Up to half of patients awaiting colon cancer surgery exhibit weight loss, and up to one in five is malnourished [14] . Adequate protein substrate is necessary to allow for successful muscle gain during a physical exercise regimen, but nutritional status was not assessed or subjected to control in this previous study.
Moreover, although anxious patients showed a greater improvement in functional capacity during the prehabilitation period, they were ultimately less likely to recover to baseline after surgery [13] . Finally, perioperative surgical care was not standardized by an enhanced recovery pathway. These results suggest that an intervention based on exercise alone may not have been sufficient to enhance functional capacity if factors such as nutrition, anxiety, and perioperative care were not taken into consideration during the program.
In view of this, we formulated a new prehabilitation intervention, adding nutritional and anxiety reduction interventions to a moderate exercise program. The goal of the nutritional intervention was to guarantee sufficient substrate to allow optimal effects of exercise.
Whey proteins are a by-product of cheese-making and serve as a highly nutritious supplement that can act synergistically with exercise to increase protein synthesis and muscle endurance [15, 16] . Participants in a 6-week exercise program were found to have significant increases in strength gained while taking 1.2 g/kg body weight in whey protein [17] .
Whey proteins are also rich in essential and branchedchain amino acids and have shown both antiinflammatory and immune-modulating properties [18, 19] . The goal of the anxiety-reduction component was to allow patients to express their concerns to a psychologist and to become familiar with calming exercises used to reduce their perceived anxiety levels.
This study aimed to estimate the impact of our new trimodal prehabilitation program on functional recovery after colorectal cancer surgery in the setting of an enhanced recovery pathway.
Methods

Subjects
Consecutive patients awaiting elective surgery for primary colorectal cancer were assessed for enrollment in this prospective pre-and postintervention study from July 2009 to September 2011 at a university teaching hospital. The trimodal prehabilitation intervention was initiated in September 2010. The postoperative recovery of the patients enrolled in the trimodal prehabilitation program (intervention group) was compared with that shown by a cohort of 45 patients studied before initiation of the intervention (control group).
The inclusion criteria for the study specified adults with a colonic or rectal malignancy planned for resection. The exclusion criteria ruled out metastatic disease or any medical condition precluding the safe use of physical activity and any patient unable to understand English or French sufficiently for accurate completion of the questionnaires.
Care for the patients in both groups was provided by one of three fellowship-trained colorectal surgeons, and perioperative care was guided by a standardized enhanced recovery pathway established at our institution since 2008 [20] . Baseline patient characteristics, operative data, and postoperative complications were collected prospectively. The study was approved by the Research Ethics Board of the McGill University Health Centre.
Between July 2009 and September 2010, patients were approached at the preoperative center. After their consent, they were enrolled in the control group. They were assessed at three time points: at the time of recruitment (approximately 1 week before surgery), then 4 and 8 weeks after surgery. Starting in September 2010, the patients were referred from the colorectal clinic after a decision was made to proceed with surgery ( Fig. 1) .
At the initial visit, the prehabilitation program was explained, and informed consent was obtained. After a medical examination, the patients met with the kinesiologist, the nutritionist, and the psychologist for baseline measures to be obtained (see measures and interventions later). The patients then initiated the prehabilitation intervention at home.
The length of prehabilitation was determined by the wait time until surgery alone. As in the control group, the intervention group was reassessed 1 week before surgery at the preoperative center, then 4 and 8 weeks after surgery.
Prehabilitation intervention
Exercise
Exercise remained the mainstay of the prehabilitation program. Moderate aerobic exercise was combined with resistance training. A kinesiologist met with the patients for 1 h and planned an individualized exercise program and schedule. The patients were asked to walk or to use an aerobic exercise machine for 30 min three times a week. Target exercise intensity, set at half of the calculated maximal heart rate (220-age), was measured by the patient with a provided heart rate monitor. Resistance exercises consisted of calisthenics and elastic band movements performed three times a week to volitional fatigue.
Nutrition
The patients enrolled in the prehabilitation program were evaluated by a nutritionist during a 1-h visit. A subjective global assessment was carried out, and one or two modifiable dietary behaviors such as excess alcohol or fat intake were identified and discussed with the patient [21] . The patients were provided with whey protein isolate (Vitalus Nutrition Inc., Abbotsford, Canada), which was used as a nutritious food supplement to guarantee a daily intake of 1.2 g/kg body weight of protein. Recipes to make intake palatable were given. Patients were asked to consume protein preferably within 1 h of their exercise regimen.
Anxiety reduction
Preoperatively, patients were scheduled for a 90-min visit with a trained psychologist focusing on providing anxietyreduction techniques such as relaxation exercises and breathing exercises. These exercises were mirrored on a compact disc for home practice. A primary goal of the psychological component was to enhance and reinforce patients' motivation to comply with the exercise and nutritional aspects of the intervention.
Outcomes and measures
The primary outcome of the study was functional walking capacity as measured by the 6MWT 8 weeks after surgery. The 6MWT evaluates the capacity to maintain a moderate level of walking and reflects the capacity to perform activities of daily living.
In the 6MWT, the patient is asked to walk along a 15-m stretch of corridor at a pace that makes him or her feel tired by the end. The total distance walked in 6 min is recorded in meters. Chairs are arranged along the corridor to allow for resting if needed, although any time spent resting is counted within the 6 min. Standard motivational messages are given at each minute as per American Thoracic Society guidelines [22] . Age-and gender-specific predicted distances can be calculated using the following formula:
Predicted distance walked in 6 Min m ð Þ ¼ 868 À ðage Â 2:9Þ À ðfemale Â 74:7Þ;
where age is in years, and the value ''1'' is assigned for females [23] . The validity of the 6MWT as a measure of recovery after colorectal surgery is supported by evidence [24] .
The secondary outcomes included complication rates, self-reported physical activity, and health-related quality of life. Complications were graded by severity using the Dindo-Clavien classification, in which grade 1 complications require bedside management, grade 2 complications require pharmacologic treatment, grade 3 complications require surgical or radiologic intervention, and grade 4 complications require intensive care treatment [25] .
Self-reported physical activity was measured by the Community Healthy Activities Model Program for Seniors (CHAMPS) short-form questionnaire. Using the CHAMPS questionnaire, subjects estimate the number of hours spent performing listed activities of various intensities during the previous week. An estimate of the caloric expenditure associated with each activity is used to calculate weekly energy expenditure in kilocalories per kilogram per week. A 3 kcal/kg/week difference is equivalent to 1 h of moderate-intensity activity [26] . Available evidence supports the validity of the CHAMPS questionnaire as a measure of recovery of physical activity after elective surgery [27] .
Health-related quality of life was measured using the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36). This survey assesses eight domains of health including physical function, role physical, role emotional, social functioning, bodily pain, general health, vitality, and mental health. Each domain is assessed on a scale of 0-100, with higher scores indicating better quality of life. Two summary scores-the physical component summary (PCS) and mental component summary (MCS)-have been standardized to have a mean of 50 and a standard deviation of 10. Canadian population norms are available [28] .
Emotional health was measured using the Hospital Anxiety and Depression Scale (HADS) for patients undergoing the prehabilitation intervention. The HADS contains seven items, each scored from 0 to 3 points for anxiety and depression. It provides summary measures on a scale of 0-21, with scores exceeding 8 suggesting the presence of a mood disorder [29] .
Statistical methods
To minimize potential bias from missing data (the 8-week 6MWT was missing for 5 patients in prehabilitation group), multiple imputation was performed, in which 20 imputations were created based on age, gender, comorbidities, complication profile, 6MWT results, and CHAMPS and SF-36 responses [30] .
Functional data are presented as an aggregate of all imputations, taking into account variance between and within imputations using Rubin's rules. Continuous variables modeled by a normal distribution were reported as mean ± standard deviation and compared using an independent Student's t test. Non-normal data were reported as median (interquartile range [IQR] ) and compared using a nonparametric Wilcoxon rank-sum test. Categorical variables were compared using Pearson's Chi-square test or Fisher's exact test. For the elderly population, we used 20 m, considered to be the error of measurement for the 6MWT, to categorize change [31] . If a patient's 6MWT was within 20 m of his or her previous result, this change was not considered to be clinically meaningful.
Multiple linear regression was used on imputed data to evaluate the predictors of recovery of functional walking capacity 8 weeks after surgery. Standard errors accounted for variance both between and within imputations. A probability level less than 0.05 was considered significant. Statistical analyses were conducted using R version 2.14 (R Foundation, Vienna, Austria). Multiple imputation and analysis were performed using the Amelia II and Zelig packages, respectively [32, 33] . 
Results
Of the 52 patients assessed for eligibility to receive prehabilitation, 5 declined participation, and 1 did not have sufficient time for prehabilitation before surgery. Of the remaining 46 patients enrolled in the prehabilitation intervention, 3 did not have any postoperative visits, and 1 had benign disease shown in the final pathology. Thus, 42 patients were analyzed in the prehabilitation group and compared with the control group of 45 patients. Five patients in the prehabilitation group were lost to follow-up evaluation 8 weeks after the operation.
The patients who had missing data did not differ significantly from those who did not in terms of baseline and operative characteristics, complications, or functional data (data not shown). The prehabilitation and control groups were similar at the first assessment with respect to age, gender, body mass index (BMI), American Society of Anesthesiologist (ASA) classification, and location of tumor. At study enrollment, functional walking capacity did not differ from selfreported physical activity levels ( Table 1 ).
In the intervention group, the median duration of prehabilitation was 33 days (range, 21-46 days). At the end of this period, 6MWT had increased by 42 ± 41 m (p \ 0.01), and self-reported weekly physical activity energy expenditure had increased by a median of 14 kcal/ kg (p \ 0.01). Moreover, no patient deteriorated during the prehabilitation period, and 64 % of the patients improved by more than 20 m.
Serum albumin was measured in 17 patients and remained stable during the prehabilitation period (3.9 ± 0.5-3.8 ± 0.4 g/dL; mean change of -0.15 ± 0.3 g/dL; p = 0.08). Symptoms of anxiety and depression also decreased significantly by a median of 1 point during prehabilitation (p = 0.04 for anxiety and p \ 0.01 for depressive symptoms). The control group was assessed only immediately before surgery, so changes during the preoperative period could not be assessed.
The perioperative variables are presented in Table 2 . The most frequent operation was anterior or low anterior resection. The use of laparoscopy was routine in both the control group (93 %) and the intervention group (81 %). The proportion of patients receiving a stoma was similar between the two groups (44 % and 36 %). There were no differences in the incidence or severity of postoperative complications. The overall morbidity rates were respectively 44 % and 36 %, and very few were classified as grade 3 (2 % and 5 %). The median hospital stay was 4 days in both groups.
During the period of postoperative recovery, functional exercise capacity (6MWT) and self-reported physical activity were greater in the prehabilitation group than in the control group, at both 4 and 8 weeks after surgery (Table 3 ). The trajectory of change in functional walking capacity is illustrated in Fig. 2 , which demonstrates its preservation in the prehabilitation group. Whereas the patients in the intervention group had returned to baseline by an average of 4 weeks postoperatively (p = 0.21), the control group remained below their preoperative level (p \ 0.01). Moreover, at 8 weeks postoperatively, the patients who had undergone prehabilitation were 37 ± 70 m (p \ 0.01) above their baseline values in functional walking capacity and 10 ± 48 kcal/kg/week (p = 0.17) above their baseline self-reported physical activity levels. A significantly greater proportion of the prehabilitated patients were recovered or above baseline at Table 4 . The general health, vitality, and mental health scores were higher in the prehabilitation group throughout the length of the study, including the enrollment scores. The prehabilitation intervention did not result in any clinically or statistically significant increases in any domains of HRQL.
A fully adjusted multiple linear regression analysis was performed on imputed data using the change in the 6MWT from enrollment in the study to the last evaluation as a measure of recovery from surgery (Table 5 ). After adjustment for a priori factors (age, gender, BMI, ASA classification, use of a stoma, low mental component summary score, and complications), the prehabilitation intervention remained a significant predictor of a positive change in functional capacity (average, ?63 m; p \ 0.01).
As expected, the patients with complications classified as grade 2 (-29 m; p = 0.07) or grade 3 (-96 m; p = 0.02) had a poorer functional recovery. A simplified model was selected using Bayesian Information Criteria, with no difference in point estimates compared with the fully adjusted model.
Discussion
The goal of prehabilitation is to enhance the functional capacity of patients during the waiting period for surgery. In the current study, a trimodal prehabilitation program consisting of moderate-intensity physical exercise supported with nutritional supplementation and anxiety reduction techniques resulted in significantly improved functional walking capacity in the intervention group. The findings show that 64 % improved by more than 20 m, and no patients deteriorated while awaiting surgery. This improvement was associated with faster postoperative recovery in the intervention group than in the control group, with the great majority (81 %) of patients recovered by 8 weeks after surgery compared with only 40 % recovered in the control group. In a previous trial, despite an exercise-alone intervention, functional exercise capacity improved for only 33 % and actually decreased for 29 % of the patients during the prehabilitation period [12] . In the multivariate analysis, after adjustment for other confounders, the findings showed a benefit of 63 m independently attributable to participation in the trimodal prehabilitation program. This change was equivalent to approximately 15 % of the mean functional walking capacity at baseline. It is unclear whether this represents a clinically relevant change because no information exists on the minimal clinically important difference in 6MWT for surgical patients. However, in cardiopulmonary disease and in geriatric populations, a change of 50 m on the 6MWT is seen as clinically meaningful [34, 35] .
At the first assessment, the HRQL measures were similar between the groups except for the role emotional and social function components. This may be explained by the fact that the questionnaire was based on a 4-week recall and the values for the prehabilitation group were taken just after the meeting with the colorectal surgeon, whereas the values for the control group were taken immediately before surgery. In the 4 weeks before their meeting with the colorectal surgeon, patients usually lead a relatively normal life, whereas in the 4 weeks coming up to a planned surgery, social and emotional function may be impaired.
The patients in this study tended to report better role physical and more feelings of vitality at completion of prehabilitation. However, the prehabilitation intervention itself did not significantly change the quality of life between baseline and preoperative values, and the two groups were comparable during the recovery phase. Quality of life may be too general a concept and the SF-36 questionnaire too generic to capture changes related specifically to our prehabilitation intervention.
The length of the prehabilitation period was the time from the first visit with the colorectal surgeon to the date of the operation, about 1 month. The prehabilitation program had no influence on the timing of surgery, and no attempt was made to tailor the length of the prehabilitation. The Canadian Society for Surgical Oncology recommends initiating treatment, including surgery, within 2 weeks after diagnosis [36] .
During the last decade in Canada and the United States, wait times for colon cancer surgery have increased and likely will continue to lengthen due to increased volumes and specialization of care [37, 38] . Although little evidence exists to confirm that longer wait times have a direct impact on surgical outcomes, patients waiting for surgery do experience heightened levels of anxiety and frustration [39] . Exercise is associated with a reduction in anxiety and depression levels [40] . The inclusion of a psychological intervention focused on stress reduction was chosen in this study because it can also reduce anxiety levels during this emotionally difficult period.
Complications after surgery are related to a combination of surgical systems and patient factors. With an aging population, the comorbidities and characteristics of patients at the time of surgery pose significant challenges for quality improvement. Preoperative physical condition has been associated with postoperative complications [7] . For patients with cardiopulmonary disease, a 6MWT shorter than 350 m predicts mortality [34] .
For colorectal surgery patients, we found that a baseline 6MWT shorter than 392 m predicts cardiopulmonary complications (unpublished data). However, unlike most other comorbidities, poor preoperative physical condition is a potentially modifiable risk factor and the main target for a prehabilitation intervention.
In the current study, for which all adult patients with colorectal cancer were eligible and patients with poor baseline physical capacity were not specifically targeted, the rate of major complications was relatively low and equal between the two groups. Whether targeting prehabilitation interventions specifically to patients with poor baseline functional walking capacity could prevent complications is an attractive hypothesis that remains to be investigated.
It is not clear which component of the trimodal prehabilitation program had the greatest effect on enhancing functional capacity. It is, however, clear to us that a program based on exercise alone cannot be sufficient if other factors such as nutritional and psychological care are not taken into account, even if these components may only support the compliance and effectiveness of the exercise program.
We previously reported a limited impact of an intensive biking intervention on functional capacity. Only 16 % of the patients were fully compliant with the intensive biking intervention. The patients, especially the frail and elderly, may have been intimidated by the physical demands of the program or found the program to be too difficult [12] . With this in mind, we were more moderate with the recommended exercise intensity and decreased the frequency of aerobic exercise from daily to three times per week. We also allowed the patients to choose their preferred type of exercise, which also may have reinforced compliance by encouraging them to perform an exercise they already found enjoyable. According to weekly phone call logs, about 70 % of the patients reported exercising at least 2 days a week, with 45 % reporting full compliance during the prehabilitation period. There also was a significant increase in self-reported physical activity that persisted after the surgery. The exercise component may be an important adjunct to an enhanced recovery pathway, in which early ambulation is thought to play an important role.
In the current study, the goal of the nutritional component was to provide optimal protein intake in the context of an exercise regimen by supplementing the patients' diet with whey protein. The study patients did not show clinical signs of malnutrition when assessed by nutritional history, and the average albumin levels, when available, were normal at baseline and did not change during the prehabilitation period. Given the gains seen in functional walking capacity, the The preoperative period is a time of uncertainty for patients who often must face the unknowns of both cancer and surgery [39] . Preoperative psychological distress may have a negative impact on surgical recovery [41, 42] . Increased physical exercise has been associated with an improvement in depressive symptoms [43] .
During the prehabilitation period in the current study, the patients showed a 1-point drop in both the anxiety and depression scores on the HADS questionnaire. This drop, although statistically significant, may not represent a large enough difference to have an impact on clinical symptoms. A single 1-h session with a psychologist would not be sufficient for a patient to begin psychological therapy. This time rather allowed patients to gain the tools to take control of anxious or stressful moments they could have felt at home. The addition of this psychological component also served to reinforce the importance of participation and likely was a factor in boosting compliance with the physical exercise component.
Currently, little literature addresses preoperative psychological preparation by the use of anxiety-reduction exercises. However, we believe these exercises may be useful in allaying psychological distress by providing patients with strategies to deal with the stressful preoperative period.
This study had several strengths including the use of an enhanced recovery pathway for all the patients to minimize differences in perioperative care. A strength of the analysis was appropriate handling of missing data using multiple imputations instead of excluding observations with missing data, which decreases statistical power and may result in biased estimates of effect.
The study also had several important limitations. First, it was an observational study, and allocation to the two groups was not randomized. Also, whereas the intervention patients were enrolled directly from the colorectal clinic when the decision for surgery was made and then reassessed immediately before surgery, the control patients were enrolled in the preoperative clinic in the week preceding surgery and thus had only one preoperative assessment.
For the purposes of this study, we assumed that functional capacity did not change for the control patients during the wait time. Having this additional measure would have made baseline comparisons more accurate. It also would have enabled better quantification of the trajectory of functional capacity outcomes for untreated patients as they waited for surgery.
In conclusion, a short period of trimodal prehabilitation comprising moderate aerobic and resistance exercise, whey-protein supplementation, and anxiety reduction improved functional walking capacity and was associated with better postoperative recovery for patients undergoing colorectal cancer surgery. A. S. Liberman, P. Kaneva, B. Augustin, M. Wongyingsinn, A. 
